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Description 
TECHNICAL FIELD 



[0001J The present invention relates to a therapeutic agent lor male sterility which comprises an adenosine A, 
antagonist or a salt thereof as an active ingredient and so is useful in the pharmaceutical field. 



BACKGROUND ART 



[0002] The infertile male population has recently been on the steady increase and. alongside endocrine disrupters 
in e™ronment .nclusrve of dioxins, the so-called male sterility is a matter of serious concern to the society at large 
I0003J However, no satisfactory remedy has been established for the therapy of this disease as yet and the assisted 
,eC T n SU f f S i " tra ^ , °P ,asmic (infaoosomal) sperm injection (ICS.) is an exclusive choice available 
today. ICSI is a laudably effeclrve fert.liz.ng method but is defective in terms of safety in that the genetic check of the 
sperm cannot be made. Furthermore, because the selection of fertile sperm is entrusted to the human hand the 
method has ethically a negative aspect and. in addition, since the cost of the procedure is exorbitant and not covered 
by an insurance, many patients have to abandon the idea to receive the treatment 

^o, e '°?' ,here fe 8 keen demand ,rom ,he medical ^ene for a fertilizing technology which would be less 
costly than ICSI and more natural in that the sperm would be encouraged to enter the ova by its own efforts 
[0005] The acrosomal reaction is indispensable to the penetration of sperm through the pellucid zone of the ovum 
and it is considered to be very efficacious to promote the induction of sperm acrosomal reaction of sperm for the theraov 
of male sterility. K/ 

f 0006 ' . . ■ " iS 9 eneral| y considered that the induction of sperm acrosomal reaction in infertile men can be promoted 
by inhibrt.ng the sperm phosphodiesterase and. aiming at this inhibition, such drugs as caffeine and pentoxiphylline 
25 have been used on an empirical basis. K ' 

[0007] However, the promotion of induction of sperm acrosomal reaction with such drugs has not been fruitful 
enough. 

[0008] In the field of therapy for male sterility today, there exists a demand for an effective acrosomal reaction induc- 
tion promoter and the present invention has for its object to solve the above problem. 

DISCLOSURE OF INVENTION 

[0009] The present inventor obtained a novel finding quite dissimilar to the earlier notion, namely "the induction of 
acrosomal reaction can be promoted by inhibiting the binding of adenosine to the adenosine A, receptor of the sperm- 
has accomplished the present invention. The present invention, therefore, provides a therapeutic composition comoris- 
problem denOS,ne *' anta90niS, ° r 3 Salt there °' 38 an active in 9redient to thereby solve the above-mentioned 

[0010] To demonstrate that the induction of acrosomal reaction in infertile men can be promoted by inhibitinq the 
b.nd.ng of adenosine to the adenosine A, receptor of the sperm, the influence of adenosine A, antagonists on the 
human sperm acrosomal reaction was investigated using the following test compounds which are well-known specific 
adenosine A, antagonists. K 



Test compounds 
15 [0011] 

(A) 3-[2-(3-Carboxypropyl)-3-oxo-2.3-dihydropyridazin-6-yl]-2-phenylpyrazolo[1.5-a]pyridine 

(B) (2R)-1-[3-(2-Phenylpyrazolo[1.5-a]pyridin-3-yl)acryloyl)-2-(carboxymethyl)piperidine (transisomer) 

(C) 3-[2-<2-CarboxymethyM -cyclohexenyl)-3-oxo-2.3-dihydropyridazin-6-yn-2-phenylpyrazolo[1 .5-ajpyridine 

[Test for evaluation of the promoting effect on the induction of sperm acresomal reaction] 
1. Method 

55 [0012] Percoll lor sperm washing was Unionized and adjusted to 90% with 20 mM Hepes buffered Hanks solution 
( P H 7.4; supplemented with 1 .0 mg/ml 8SA). The ejaculated human seminal fluid was allowed to liquefy at room tem- 
perature, diluted 2-fold with Hanks solution, and layered on 6.0 ml Percoll. In the Percoll layer, a glass capillary had 
been inserted in advance. The system was centriluged at 1 000 x g tor 30 minutes to precipitate motile sperm The pre- 
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cipitated sperm was aspirated through the capillary and recovered. The sperm was resuspended in Hanks solution at 
a final concentration of about 50 x 1G 6 /ml and cultured at 37°C. 

[0013] The human sperm acrosomal reaction was monitored by a fluorescence staining technique using FITC-con- 
canavalin A. 

5 [0014] As the acrosomal cap splits off on acrosomal reaction, the membrane protein, rich in the high-mannose 
sugar chain on the acrosomal tunica intima becomes exposed. Therefore, the sperm showing a yellow fluorescence in 
the anterior half of the head was regarded as acrosomal reaction -induced sperm. 

[001 5] Compound A was added to the sperm suspension at a final concentration of 1 0* 6 or 1 0" 7 M. Observation was 
made in the group supplemented with 1 I.U./ml of adenosine deaminase and the n on- enzyme-addition group. 
io [0016] Compounds B and C were respectively added to the sperm suspension at a final concentration of 10~ 7 M. 
Observation was made in the groups supplemented with 1 I.U./ml of adenosine deaminase. 

2. Results 



is [0017] The test results are shown in the following tables. Each figure denotes the acrosomal reaction induction rate 
(%) (the mean ± S.E. of 3 observations in Table 1; the mean ± S.E. of 5 observations in Tables 2 and 3). In Table 1, the 
figure in the top row represents the result obtained in the absence of adenosine deaminase and the figures in the bot- 
tom row represent the results in the presence of adenosine deaminase. 

20 

Table 1 



Incubation time 


Compound A, concentration (M) 




0 


10' 6 


io- 7 


0 


6.54±1.87 






3 


27.1 ±2.35 


43.7±2.77 


47.1 ±2.37 




32.7±2.45 


63.6±1.84 


64.1+1.73 



Table 2 



35 



Incubation time 


Compound B, concentration 
(M) 




0 


io* 7 


3 


30.98±1.17 


41.26±2.18 



Table 3 



Incubation time 


Compound C, concentration 
(M) 




0 


10' 7 


3 


34.20±2.93 


48.86±2.57 



[001 8] The finding that the-induction of acrosomal reaction was promoted in the presence of adenosine deaminase 
suggests that the induction of acrosomal reaction is inhibited in the presence of adenosine. Furthermore, the finding 
55 that the induction of acrosomal reaction was promoted by Compounds A, B and C. which are specific adenosine A n 
antagonists, suggests that the induction of acrosomal reaction is inhibited by the binding of adenosine to the adenosine 
A, receptor. 

[0019] tt has, thus, been proven that adenosine A, amagonists promote the induction of acrosomal reaction. 
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[0020J The present invention is carried into practice by submitting an adenosine A, antagonist or a salt thereof, 
either as it is or in the form of a pharmaceutical composition containing an adenosine A 1 antagonist or a saJt thereof as 
an active ingredient to a patient with male sterility. 

[0021 ] The term "adenosine A, antagonist* as used in this specification means a substance that opposes the action 
5 of adenosine on adenosine A n receptors and includes all substances falling within the category of "adenosine A, antag- 
onist" as established in the art. A large number of compounds are already known as adenosine At antagonists and 
even novel compounds that is regarded as adenosine A, antagonists should also be included in the category of adeno- 
sine A t antagonists in the context of the present invention. 

[0022] The existence as well as the intensity of action of "adenosine A 1 antagonist" can be evaluated typically by 
io the following method. The intensity of adenosine A t antagonist action as referred to in the claims also means a quantity 
found by the following evaluation method. Test for adenosine A<, antagonist action" 

(1) Preparation of a rat brain homogenate 

75 [0023] The rat brain homogenate is used in the adenosine A, receptor binding assay. The brains isolated from male 
SD rats weighing about 200-300 g are homogenized in 20 parts (w/v) of 50 mM Tris-HCI buffer (pH 7.4. 25°C) using 
Polytron homogenizer (Kinematica GmbH). The homogenate is centrifuged (4°Q at 41000 x g for 30 minutes. The 
resulting pellet is resuspended in 20 parts of buffer solution (50 mM, pH 7.4). To this is added adenosine deaminase (2 
I.U/ml). and the mixture is incubated at 37°C for 30 minutes to remove the endogenous adenosine. This brain homoge- 

20 nate is recentrifuged and the resulting pellet is stored frozen at -70°C until used in the binding assay. 

(2) The receptor binding assay usinft [^J-IS^-cyclohexyladenosine ( 3 H-CHA) as a radioligand 

[0024] The assay is performed in a system containing 1 nM ^-CHA witrra specific activity of 25 Ci/mmol and giving 
25 a final volume of 1 ml. Non-specific binding is determined in the presence of CHA (1 0 uM). 

[0025] The reaction is started by adding the brain homogenate mentioned above at a final protein concentration of 
200-300 ug/ml and the reaction mixture is incubated at 23°C for 3 hours. After this incubation, the bound radioactivity 
is isolated by filtration under vacuum through a Whatman GF/B glass fiber filter and the unbound radioactivity is washed 
off with 5 ml of ice-cooled buffer solution twice. The filter for each sample is placed in a glass vial, to which Aquasol II 
so (manufactured by NEN Research Products) (10 ml) is added. After at least 12 hours of standing, the radioactivity is 
measured by the standard liquid scintillation spectroscopy. 

[0026] In carrying the present invention into practice, it is advisable to use a specific adenosine A n antagonist hav- 
ing sufficiently high adenosine A-, antagonist activity. For example, a compound giving an IC^ value of not more than 
lOO.pJvt, preferably not more than 50 uM, more preferably not more than 10 \iM, particularly not more than 1 pjvl, in the 

35 above assay can be used with advantage. (Any one skilled in the art should interpret the above values with experimen- 
tal errors and other variables taken into consideration). Thus, these values should be considered to be rules of thumb 
and rather one skilled in the art can judiciously select an adenosine A, antagonist suitable for the present invention by 
carrying out the above "Test for evaluation of the promoting effect on the induction of acrosomal reaction" and Test for 
adenosine A t antagonist action". 

<o [0027] In the above sense, a compound additionally possessed of a pharmacologic action other than adenosine A, 
antagonist action can likewise be used. 

[0028] Structurally, pyrazolopyridine compounds of the following general formula (I) and their salts can be men- 
tioned as typical examples of the adenosine A t antagonist. 



50 




55 



[wherein R 1 is a lower alkyl, aryl which may have one or more suitable substituent(s), or a heterocyclic group, 
R 2 is a group of the formula: 



4 
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10 

(wherein R 4 is protected amino or hydroxy and R 5 is hydrogen or lower alkyJ); 
cyano; 

a group of the formula: 

-A-R 6 

(wherein R 6 is an acyl group and A is a lower aliphatic hydrocarbon group which may have one or more suitable 
substituent(s)); 

20 

amidated carboxy; 

unsaturated heterocyclic group which may have one or more suitable subst"rtuent(s); 
amino; or 

protected amino, and 
2S R 3 is hydrogen, lower alkyl, lower alkoxy, or halogen) 

10029] As the above pyrazolopyridine compound (I), there can be mentioned the known compounds described in, 
iOifil alia, Japanese laid-open (Kokai Tokkyo Koho)No. S64-45385, H2-243689, H4-253978, and H5-1 12566 and 
W095/18128. 

30 [0030] Suitable salts of the pyra2olopyridine compound (I) are pharamceuticalry acceptable salts of the conven- 
tional kinds, for example metal salts such as alkali metal salts, (e.g. sodium salt, potassium salt, etc., and alkaline earth 
metal salts, e.g. calcium salt, magnesium salt, etc.). ammonium salts, organic base salts, such as trimethylamine salt, 
triethyfamine salt, pyridine salt, picoline salt, cficyclohexylamine sail, N.N'-dibenzylethylenediamine salt, etc., organic 
acid salts, such as acetate, trifluoroacetate, maleate, tartrate, fumarate, methanes ulfonate, benzenesulfonate, formats, 

as toluenesutfonate, etc., Inorganic acid salts, such as hydrochloride, hydrobromide, hydroiodide, sulfate, phosphate, etc., 
and salts with amino acids such as arginine, aspartic acid, glutamic acid and so on. 

(0031] Suitable examples and particulars of various terms defining the above pyrazolopyridine compound (I) are 
explained hereinbelow in detail. 

(0032] The term "lower" is intended to mean 1 to 6 carbon atom(s), unless otherwise indicated. 
40 (0033] The term "higher" is intended to mean 7 to 20 carbon atoms, unless otherwise indicated. 

(0034] Suitable "lower aliphatic hydrocarbon group" may include the following lower alkyl. lower alkenyl and lower 
alkynyl groups. 

[0035] Suitable 'lower alkyl* may include straight or branched ones such as methyl, ethyl, propyl, isopropyl, butyl, 
tert-butyl, pentyl, hexyi or the like, and among these, the preferred one may be (C r C 4 )alkyl and the more preferred one 

45 may be methyl, ethyl, propyl and isopropyl. 

[0036] Suitable "lower alkenyl" may include straight or branched ones such as vinyl, 1 -methylvinyl, 2-methylvinyl, 1 - 
propenyl, 2-propenyl, 1-butenyl, 2-methyl-1-propenyl, 1,3-butadienyl, i-pentenyl, 4-pentenyl, 1-hexenyl. 1,4-hexadi- 
enyl, 5-hexenyl or the like, and among these, the preferred one may be (C r C 4 )alkenyl and the more preferred one may 
be vinyl, 1 -methylvinyl, 2-methylvinyl and 1 ,3-butadienyi. 

so [0037] Suitable "lower alkynyl" may include straight or branched ones such as ethynyl, 1 -propynyl, 1-methylethynyl, 
2-butynyl, 2-methyl-3-butynyl, 2-pentynyl, 1-hexynyl or the like, and among these, the preferred one may be (C 2 -C 4 ) 
alkynyl and the more preferred one may be ethynyl. 

[0038] The "lower aliphatic hydrocarbon group" mentioned above may have one or more, preferably 1 to 3, suitable 
substituent(s) such as halogen, (e.g. chloro, bromo, fluoro and iodo). 
55 [0039] Suitable "protected amino group" may include amino substituted with the conventional ami no -protective 
groups, such as lower alkylamino. (e.g. methylamino, ethylamino, propylamino, butylamino, tert-butylamino, 
pentylamino, hexylamino, etc.), di(lower)a!kylamino, (e.g. dimethylamino, dietrtylamino, N-ethylpropylamino, dib- 
utylamino, N-(tert-butyl)pentylamino, dihexylamtno, etc.). and the acylamino groups mentioned below. 
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2 no h ?;' *?^ a ^ a T 0 mC,Ude ° reid ° : '° Wer alkano y |ami «°. (e-9- 'ormy.amino. acetylamino. propio- 

nylam.no. butynylam.no. .sobutyrylam.no. pwaloylamino. hexanoytamino, etc.); lower atkoxycarbony.amino (e a rneth- 
oxycarbonylammo. ethoxycarbony.amino. propoxycarbonylamino. te^butoxycarbonylamino. pen,Joxyca*ony.aSo 
hexy.oxycarbonylam.no. etc.): lower alkoxyca*onyl(.ower)a.kanoylamino. (e.g. methoxycamonylace^lamino eTl 
ca*onylacetylam.no.2-( P ropoxycarbonyl) P ropionytamino. 4-(tert-butoxyca*onyObutyrylamino. 2-(buioxycamonytme- 
thyl)prop.onylam,no 2-methyl-2-(penty.oxycarbony.methyl)- P rop-.onylamino. 6-hexy.oxycarbonylhexanoylamino. etc )■ 
and lower alkanesulfonylam.no. (e.g. methanesuBonylamino. ethanesulfonylamino. propanesuBonylamino. butanesulfo-" 
nylam.no. tert-butanesulfonylamino, pentanesulfonylamino. hexanesuKonylamino, etc). 

(0041 J The "lower alkanoylamino" mentioned above may have suitable substituent(s) such as di(lower)alkylamino 
groups. (e.g. d.methylamino. N-methyl-N-ethylamino. dipropylamino. di-tert-butylamino, N-pentyl-N-hexylamino etc)- 
and cyclK ammo groups which may have suitable substituents. (e.g. piperidino. etc.). Suitable examples of the said 
lower akanoylam.no groups having suitable substhuent(s)- may include tower alkanoylamino having 
d.(lower)alkylam.no. such as dimethylaminocarbonylamino. 2 dimethylaminoacetylamino, 2-(N-methyl-N-ethv" 
a™no)acetylamino. 2-dimethylaminopropionylamino, 3-^^ 

p.onylam.no. 2-dimelhylaminomethyl-2-methylpropionylamino. 6-(N-pentyl-N-hexylamino)-hexanoylamino or the like- 

and lower alkanoylamino having cyclic amino groups optionally having lower alkyl. such as piperidinocamonylamino 2- 

p.per.d.noacetylamino. 2-(2-methylpiperidino)acetylamino. 2-<2-ethylpiperidino)acetylamino, 2-piperidinopropio- 

nylammo.3-(2-ethytpiperidino)butyry1arrtna 

ylpropionylamino, 6-(3-propylpiperidino)-hexanoylamino or the like. 

I0 ?,t 2J ^ , a,oresaid -acylamino". the preferred one may be ureido. (C,-C 4 )alkanoytamino/ (C,-C 4 )alkoxycart>o- 
T^fi alkanoylamino. di(C 1 -C 4 )alkylamino(C 1 -C 4 )alkanoylamino. (C^alkylpiperidlnoJC^alkanwIamino 
(C,-C 4 )alkoxycarbonylamino. (C r C)alkanesuBonylamino. (C r C 4 )alkylamino and dKC^Jalkylamino in which the 
more preferred one may be ureido, acetylamino. 2-(ethoxycartoonyl)acetylamino. 2-dimelhylaminoacetylamino 2-(2- 
ethylpiper.dino)acetylamino. methoxycarbonylamino. methanesuBonylamino.. methylamino and dimethytamino 
[0043] Suitable -acyl" may include lower alkanoyl such as formyl, acetyl, propionyl. butyryl. isobutyryl, pivaioyl hex- 
anoyt or the like; carboxy; and protected carboxy, and so on. ' 
[0044] Suitable example of aforesaid 'protected caiboxy may include esterified carboxy. the suitable example of 
wh«h .s lower alkoxycarbonyl. (e.g. methoxyearbonyl. ethoxycarbonyl. propoxycarbonyl, butoxycarbonyl tert-butoxv- 
carbonyl. pantyloxycarbonyl. hexyloxycarbonyl. etc.). which may have nitrogen-containing heterocyclic group; and 

amidated carboxy. the suitable examples of which are 

N-(tower)alkylcaibamoylsuch as N-methylcarbamoyl. N-ethylcarbamoyl, N-isopropylcarbamoyl, N-butylcarbamovl 
N-pentylcarbamoyl, N-hexylcarbamoyl or the like; 1 ' 

N-(hgher)alkylcarbamoyl such as N-heptylcarbamoyl. N-(2-methylheptyl)carbamoyl, N-nonylcarbamoyl N-decan- 
ylcart>amoyl. N-iricyclo[3.3.1.1 3 - 7 ]decanylcarbamoyl. N-undecanylcarbamoyl. N-(bicyclo(4.3 2]undecanyl)car- 
bamoyl. N-dodecanylcarbamoyl. N-tridecanytearbamoyl. N-tetradecanylcarbamoyl. N-pentadecanylcarbamoyl N- 
hexadecanylcart)amoyl. N-heptadecanytoarbamoyl. N-octadecanylcarbamoyl. N-nonadecanylcarbamovl N-icosa- 
nylcarbamoyl or the like; ' 

N.N-di(lower)alkylcarbamoyl such as N.N-dimethytcarbamoyl, N.N-diethylcarbamoyl. N-methyl-N-ethylcarbamovl 
N.N-dipropylcarbamoyl, N.N-di(tert-butyl)carbamoy). N-pentyl-N-hexylcarbamoyl or the like- 
N-(lower)alkyl-N-ar(lower)alkylcarbamoyl such as N-methyl-N-benzylcarbamoyl or the like- 
a group of the formula: -CO-R N 

(wherein R N is nitrogen-containing heterocyclic group optionally having one or more suitable substituent(s)- this 
nitrogen-containing heterocyclic group R N may contain another hetero atom(s) such as N. O and/or S in its ring). 

(0045] Suitable -nitrogen-containing heterocyclic group" may include saturated or unsaturated, monocyclic or potv- 
cyclic heterocyclic group such as unsaturated 3 to 8-membered (more preferably. 5 to 7-membered) heteromonocycHc 
group containing 1 to 4 nitrogen atomfs), for examole. azepinyl (e.g. IH-azepinyl. etc.). pyrrolyl. pyrrolinyl. imidazolyl 
pyrazofyl. pyridyl and its N-oxide. dihydropyridyl. pyrimidinyl. pyrazinyl. pyridazinyl. triazolyl (e g 4H-1 2 4-triazotyl 1H- 
1 .2.3-triazolyl. 2H-1 ,2.3-triazolyl, etc.). and tetrazolyl (e.g. 1 H-tetrazolyl. 2H-tetrazotyl, etc.); 

saturated 3 to 8-membered (more preferably 5 to 7-membered) heteromonocycHc group containing 1 to 4 nitrogen 
pipTraziny"' eXamP ' e ' pemydroa2e P in y | < e 9- Perhydro-1 H-azepinyl. etc.). pyrrolidinyl. imidazofidinyl. piperidino and 

unsaturated condensed heterocyclic group containing 1 lo 4 nitrogen atom(s). for example, indolyl isoindolyl 
indolizinyl. benztmidazolyl, quinolyl, isoquinolyl. indazolyl. benzotriazolyl or the like; 

saturated condensed heterocyclic group containing 1 to 4 nitrogen atom(s). for example. 7-azabicyclof 2 2 1 1heotvl 
3-azabfcydof3.2.2)nonanyl or the like; 
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• unsaturated 3 to 8-membered (more preferably 5 or 6-membered) heteromonocycfic group containing 1 or 2 oxy- 
gen atom(s) and 1 to 3 nitrogen atom(s), for example, oxazolyl, isoxazoryl, and oxadiazolyl (e.g. 1 ,2,4-oxadiazolyl, 
1 ,3.4-oxadiazolyl, l ,2,5-oxadiazolyl, etc.) or the like; 

saturated 3 to 8-membered (more preferably, 5 or 6-membered) heteromonocyclic group containing 1 or 2 oxygen 
atbm(s) and 1 to 3 nitrogen atom(s), for example, morphoiinyl, sydnonyl, or the like; 

unsaturated fused heterocyclic groups containing 1-2 oxygen atoms and 1-3 nitrogen atoms, such as benzoxa- 
zolyl, benzoxadiazolyl. etc.; 

unsaturated 3 to 8-membered (more preferably, 5 or 6-membered) heteromonocyclic group containing 1 or 2 sulfur 
atom(s) and 1 to 3 nitrogen atom(s), for example, thiazotyl, isothiazolyl (e.g. 1 ,2,3-thiadiazolyl, 1,2,4-thiadiazolyl. 
1,3,4-thiadiazolyl, 1 ,2,5-thiadiazolyl, etc.), dihydrothiazinyl or the like; 

saturated 3 to 8-membered (more preferably. 5 or 6-membered) heteromonocycfic group containing 1 or 2 sulfur 
atom(s) and 1 to 3 nitrogen atom(s), for example, thiazolidinyl or the like; 

unsaturated condensed heterocyclic group containing 1 or 2 sulfur atom(s) and 1 to 3 nitrogen atom(s), for exam- 
ple, benzothiazolyt, benzot hiadiazolyl or the like. 

[0046] Among these groups, the preferred one may include saturated 3 to 8-membered heteromonocyclic group 
containing 1 to 4 nitrogen atom(s), saturated condensed heterocyclic group containing 1 to 4 nitrogen atom(s), and sat- 
urated 3 to 8-membered heteromonocyclic group containing 1 or 2 oxygen atom(s) and 1 to 3 nitrogen atom(s). 
[0047] These nitrogen-containing heterocyclic groups may each have one or more suitable substituent(s) such as 
lower alkyl as mentioned above; hydroxy(!ower)alkyl (e.g. hydroxym ethyl, 1 -hydroxyethyt, 2-hydroxyethyl, 3-hydroxypro- 
pyl, 2-hydroxybutyl, 1 -methyl-1 -hydroxymethylethyl, 4-hydroxypentyl, 3-hydroxyhexyl, etc.); lower alkoxy(lower)alkyl 
(e.g. methoxymethyl, 2-methoxyethyl, 1 -ethoxyethyl, 3-propoxypropyl, 2-(tert-butoxy) butyl, 5-pentyloxypentyl, 3-hexy- 
loxyhexyl, etc.); acyk>xy(lower)alkyl such as lower alkanoyloxy(lower)alkyl (e.g. acetoxymethyl, 1-acetoxyethyl, 2-ace- 
toxyethyl, 2-propionyloxyethyl, 3-propionyloxypropyl, 2-butyryloxybutyl, 4-pivaloyloxypentyl, 6-hexanoyloxyhexyl, etc.); 
protected carboxy such as said lower alkoxycarbonyloxy; carboxy; acyl(lower)alkyl such as lower alkanoyl(lower)alkyl 
(e.g. formylmethyl, 1 -formylethyl, 2-acetylethyl, 2-formylpropyl, 3-propionylpropyl, 4-formylbutyl, 2-butyrylbutyl, 1- 
formylmethylethyl, 3-formylpentyl, 1-isobutyrylpentyl, 4-pivaloylpentyI, 2-formylhexyl, 6-hexanoylhexyl, etc.), car- 
boxy(lower)alkyl (e.g. carboxymethyl, 1 -carboxyethyl, 2-carboxypropyl, l-carboxymethylethyl, 4-carboxybutyl. 3-carbox- 
ypentyl, 2-carboxyhexyl, etc.), protected carboxy(lower)alkyl [preferably, esterified carboxy(lower)alkyl, more preferably 
lower alkoxycarbonyl(lower)alkyl such as methoxycarbonylmethyl, 2-methoxycarbonylethyl, 1 -ethoxycarbonylethyl, 2- 
propoxycarbonylpropyt, 1-methoxycarbonylmethylethyl, 4-t-butoxycarbonylbutyl, 3-pentyloxycarbonylpentyl, 2-hexy- 
loxycarbonylhexyl or the like; and amidated carboxy(lower)alkyl, more preferably carbamoyt(lower)alkyl, N-(lower)aIkyi- 
carbamoyl(lower)alkyl (e.g. N-ethytearbamoylmethyl, etc.) and N,N-dt(lower)alkylcarbamoyl(lower)alkyl (e.g. N,N- 
diethylcarbamoylmethyl, etc.)]or the like. 

[0048] Among said "nitrogen-containing heterocyclic groups which may have one or more suitable subst'rtuent(s)*, 
the preferred one may include piperidino optionally having 1 to 4 suitable substituent(s) selected from a group consist- 
ing of (C r C 4 )alkyl, hydroxy(C r C 4 )alkyl, (C r C 4 )alkoxy(C r C 4 )alkyl, (C r C 4 )alkanoyloxy(C r C 4 )alkyl, (C,-C 4 )alkoxycar- 
bonyl, carboxy, (C^JalkanoyKCj-C^alkyl, carboxy^, -C 4 )alky1, (C 1 -C 4 )alkoxycarbonyl(C 1 -C 4 )alkyl, carbamoyl(C r 
C 4 )alkyl, N-(C 1 -C 4 )alkylcarbamoyl(C l -C 4 )alky! and N,N-di(C r C 4 )alkylcarbamoyl(C r C 4 )alkyl, such as piperidino, 2- 
methylpiperidino, 2-ethylpiperidino, 3-ethylpiperidino, 4-ethylpiperidino, 2-propylpiperidino, 4-isopropylpiperidino, 2- 
butytpiperidino, 3-(tert-butyl)piperidino, 2.2,6,6-tetramethylpiperidino, 2,2-dimethyl-6,6-diethylpipridino, 2-hydroxymeth- 
ylpiperidino, 3-hydroxymethylpipericfino, 2-(1-hydroxyethyl)piperidino, 2-(2-hydrexyethyl)piperidino. 3-(2-hydroxye- 
thyljpiperidino, 4-(2-hydroxyethyl)piperidino, 2-(3-hydroxypropyl)piperidino, 3-(2-hydroxybutyl)piperidino, 2-( 1 -methyl- 1 - 
hydroxymethylethyl)piperidino, 2-methoxymethylpiperidino, 2-(2-methoxyethyl)piperidino ( 2-(1 -ethoxyethyljpiperidino, 

3- (3-propoxypropyl)piperidino, 4-{2-(tert-butoxy)butyl}piperidino, 2-acetoxymethylpiperidino, 3-(1 -acetoxyethyl)piperid- 
ino, 2-(2-acetoxyethyl)piperidino, 3-(2-propionyloxyethyl)piperidino, 4-(3-propionyloxypropyl)piperidino, 2-(2-butyryloxy- 
butytypiperidino, 2*methoxycarbonylpiperidino, 2-ethoxycarbonylpiperidino, 2-propoxycarbonylpiperidino, 3- 
butoxycarbonylpiperidino, 4-(tertbutoxycarbonyl)piperidino, 2-carboxypiperidino, 3-carboxypiperidino, 4-carboxypipe- 
ridino, 2-(2-hydroxyethyl)-3-methylpiperidino l 2-(2-hydroxyethyl)-4-carboxypiperidino, 2-formylmethylpiperidino. 2-(1- 
formylethyl)piperidino, 3-(2-acetylethyl)piperidino, 4-(2-1ormylpropyl)piperidino, 2-(3-propionylpropyl)piperidino, 2-(4- 
1ormyibutyl)piperidino, 3-(2-butyrylbutyl)-piperidino, 2-{1-{formylmethyl)ethyl]piperidino, 2-carboxymethylpiperidino, 2- 
(1 -carboxyethyl)piperidino, 3-(2<arboxypropyl)piperidino, 4-[l -(carboxymethyl)ethyl]piperidino, 2-(4-carboxybutyl)pipe- 
ridino, 2-methoxycarbony!methylpiperidino, 2-(2-methoxycarbonylethyl)piperidino, 3-(1 -ethoxycarbonylethyl)piperidino, 

4- (2-propoxycarbonylpropyl)pipericfino, 2-[1-(methoxycarbonylmethyl)ethyl]piperidino i 2-(4-t-butoxycarbonylbutyl)pipe- 
ridino or the like; 

pyrrolidin-l-yl optionally having (CVC^alkoxytCj-C^alkyl, such as pyrrolidin-1-yl, 2-methoxymethylpyrrolidin-1 -yl, 
2-(2-methoxyethyl)pyrrolid>n-l -yl, 2-( 1 -ethoxyethyljpyrrolidin- 1 -yl, 3-(3-propoxypropyl)pyrrolidin-1 -yl, 3-{2-{tert- 
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butoxy)butyl}pyrrolidin-l-yl or the like; 

perhydroazepin-l-yl, such as perhydro-1H«azepin-l-yl or the like; 

piperazin-l-yl optionally having (C r C 4 )alkyl. such as piperazin-1 -yl, 2-methylpiperazinO-yl, 3-methylpiperazin-l 
yl, 4.methylpipera2in-1-yl, 2-ethylpipera2in-1.yl, 3-propylpipera2in-1-yl, 4-isopropy!pipera2in-l-yl, 2-butylpipera2in 

1- yl. 3-(tert-butyl)piperazin-1-yl or the like; 
morpholino; 

7-azabicycJo[2.2.1]heptan-7-yl; and 

3-azabicyclo[3.2.2]nonan-3-yl or the like, and the most preferred one may include piperidino, 2-methylpiperidino 2- 
ethylp.pendino, 3-ethylpiperidino, 4-ethylpiperidino, 2-propylpiperidino, 2.2.6. 6-tetrametriylpiperidino ' 2- 
hydroxymethylpiperidino. 2-(2-hydroxyethyl)piperidino, 4-(2-hydroxyethyl)piperidino, 2-methoxymethylpiperidino 2- 
(2-methoxyethyt)piperidino, 2-acetoxymethylpiperidino, 2-(2-acetoxyethyl)piperidino, 2-ethoxycarbonylpiperidino 

2- carboxypiperidino. 2-(methoxycamonylmetnyl)piperidino, 2-carboxymethylprperidino, 2-carbamoylmethylpiperid' 
mo, 2-(N-ethylcarbamoylmethy0piperidino. 2-N.N-diethylcarbamoylmethyl)piperidino. pyrrolidine -yl 2-meth- 
oxymethylpyrrolidin-1-yl, perhydro-1H-azepin-l-yl. 4-methylpiperazin-l-yl, morpholino. 7-a2abicyclo[2 2 1]heptan- 
7-yl, 3-azabicyclo[3.2.2]nonan-3-yl or the like. 

[0049] Suitable "aryr may include phenyl, naphlhyl. indenyl, anthryl or the like, and these -aryr may have one or 
more suitable substituent(s). such as halogen (e.g. fluoro. chloro. brorno and iodo); tower alkoxy (e.g. methoxy ethoxy 
propoxy. tert-butoxy. pentyloxy, hexytoxy, etc.); nitro; amino; and said protected amino. 

[0050] The preferred example of "aryl optionally having one or more suitable substituent(s)" may include phenyl 
which may have 1 to 3 suitable substituent(s) selected from a group consisting of halogen. (C,-C 4 )alkoxy, nitro, amino 
(C r C 4 )alkanoylamino. (C r C 4 )alkoxycarbonylamrno. (C r C 4 )alkanasulfonylamino. (C r C 4 )alkylamino and di{CV 
C 4 )alkylamino, in which the more preferred one may be phenyl, phenyl having chloro, phenyl having methoxy phenyl 
having nitro, phenyl having amino, phenyl having acetylamino. phenyl having methoxycarbonylamino, phenyl having 
methanesulfonylamino, phenyl having methyfamino, and phenyl having dimethylamino. 

[0051] Suitable "heterocyclic group- may include the ones as exemplified for 'nitrogen-containing heterocyclic 
group" as mentioned above; 

unsaturated 3 to 8-membered (preferably 5 or 6-membered) heteromonocyclic group containing one oxygen atom 
such as furyl or the like; " 

unsaturated 3 to 8-membered (preferably 5 or 6-membered) heteromonocyclic group containing one oxygen atom 
and 1 or 2 sulfur atom(s), such as dihydrooxathiinyl or the like; 

unsaturated condensed heterocyclic group containing 1 or 2 sulfur atom(s). such as benzothienyl, benzodrthiinyl or 
the like; 

unsaturated condensed heterocyclic group containing one oxygen atom and 1 or 2 sulfur atom (s), such as benzox- 
athiinyl or the like, in which the preferred one may be unsaturated 3 to 8-membered heteromonocyclic group con- 
taining 1 to 4 nitrogen atom(s), and the more preferred one may be pyridyl, and the most preferred one may be 2- 
pyridyl, 3-pyridyl and 4-pyridyl. 

[0052] Suitable "lower alkenyl having halogen" may include 1-fluorovinyl. 1 -bromovinyl. 1 <:hloro-2-methyrvinyl i- 
bromo-1-propenyl. 2-chloro-2-propenyl, 1-iodo-l-butenyl. 1 -bromo-2-methyM -propenyl, 3-bromo-1 ,3-butadienyl ' 1 - 
chloro-l-pentenyl, 4-chloro-4-pentenyl, 1-bromo-1-hexenyl or the like. 

[0053] Suitable "lower alkoxy" may include methoxy, ethoxy. propoxy, isopropoxy. butoxy. tert-butoxy pentyloxv 
hexyloxy or the like. * 
[0054] Suitable "halogen" may include fluoro. chloro. bromo and iodo. 

[0055] Suitable "leaving group" may include di(lower)alkylamino, such as dimethylamino, diethylamino, N-ethylpro- 
pylamino, dibutylamine, N-pentylhexylamino or the like; lower alkoxy such as mentioned above; halogens mentioned 
above; and lower alkylthio, such as methylthio, ethylthio, propylthio, butylthio, pentylthio, hexylthio or the like. 
[0056] Suitable "unsaturated heterocyclic group" of said "unsaturated heterocyclic group optionally having one or 
more suitable substituent(s)" may include unsaturated monocyclic or polycyclic heterocyclic group containing at least 
one helero atom, such as nitrogen, oxygen, sulfur or the like. 

[0057] Suitable examples of said "unsaturated heterocyclic group" may include unsaturated 3 to 8-membered (pref- 
erably 5 to 7-membered) heteromonocyclic group containing t to 4 nitrogen atom(s), such as a2epinyt (e.g. iH-azepi- 
nyl. etc.), pyrrolyl, pyrrolinyt, imidazolyl. pyrazolyl, pyridyl. dihydropyridyl (e.g. 1.2-dihydropyridyl, 1,4-dihydropyridyl 
etc.), tetrahydropyridyl (e.g. 1 ,2,3,6-tetrahydropyridyl, etc.), pyrimidinyl. dihydropyrimidinyl (e.g. 1.2-dihydropyrimidinyl' 
etc.), pyrazinyl. pyridazinyl. dihydropyridazinyl (e.g. 2,3-dihydropyridazinyl, 1,4-dihydropyridazinyl. etc.), tetrahydropyri- 
dazinyl (e.g. 2,3,4,5-tetrahydropyridazinyl, etc), triazolyl (e.g. 4H-l,2,4-triazolyl, 1H-1,2.3-triazolyl. 2H-1 2 3-triazolyl 
etc.). tetrazolyl (e.g. 1 H-tetrazoryl, 2H-tetrazolyl, etc.) or the like: 
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unsaturated condensed heterocyclic group containing 1 to 4 nitrogen atom(s), such as indolyl, isoindolyl, indoliz- 
inyl, benzimidazolyl, quinolyl, dihydroquinolyl (e.g. 2,3-dihydroquinolyl. etc.). isoquinolyl, indazolyl, benzotriazotyl or 
the like; 

unsaturated 3 to 8-membered (preferably 5 or 6-membered) heteromonocyclic group containing 1 or 2 oxygen 
5 atom(s) and 1 to 3 nitrogen atom(s), such as oxazolyl, isoxazolyl, dihydroisoxazoiyl (e.g. 2,5-dihydroisoxazolyl, 

etc.), oxadiazolyl (e.g. l ,2.4-oxadiazolyl, 1,3,4-oxadiazolyl, 1,2,5-oxadiazoryl, etc.) or the like; 
unsaturated condensed heterocyclic group containing 1 or 2 oxygen atom(s) and 1 to 3 nitrogen atom(s), such as 
benzoxazolyl, benzoxadiazolyl or the Tike; 

unsaturated 3 to 8-membered (preferabry 5 or 6-membered) heteromonocyclic group containing 1 or 2 sulfur 
io atom(s) and 1 to 3 nitrogen atom(s), such as thiazolyl, dihydrothiazolyl (e.g. 2,3-dihydrothiazotyl, etc.), isothiazolyl, 
thiadiazolyl (e.g. 1 ,2.3-thiadiazolyl, 1 ,2,4-thiadiazolyl, 1,3,4-thiadiazolyl, 1 ,2,5-thiadiazolyl, etc.), dihydrothiadinyl or 
the like; 

unsaturated condensed heterocyclic group containing 1 or 2 sulfur atom(s) and 1 to 3 "nitrogen atom(s), such as 
benzothiazolyi, benzothiadiazolyl (e.g. benzo[d](1 ,2,3]thiadiazolyl, etc.), imidazothiadiazolyl (e.g. 5H-imidazo[2.1- 
15 b][l ,3,4]thiadiazolyl, etc.) or the like; 

unsaturated 3 to 8-membered (preferably 5 or 6-membered) heteromonocyclic group containing 1 or 2 sulfur 
atom(s), such as thienyl, dihydrothiynyl or the like; 

unsaturated 3 to 8-membered (preferably 5 or 6-membered) heteromonocyclic group containing one oxygen atom, 
such as furyl or the like; 

20 unsaturated 3 to 8-membered (preferabry 5 or 6-membered) heteromonocyclic group containing one oxygen atom 
and 1 or 2 sulfur atomfs), such as dihydroxathiinyl or the like; 

unsaturated condensed heterocyclic group containing 1 or 2 sulfur atom(s), such as benzothienyl and benzodHhii- 
nyl or the like; and 

unsaturated condensed heterocyclic group containing one oxygen atom and 1 or 2 sulfur atom's), such as benzox- 
25 athiinyl or the like; and so on. 

[0058] Among these, the preferred one may be unsaturated heterocyclic group containing at least one nitrogen 
atom as a hetero atom, and the more preferred one may be unsaturated 3 to 8-membered heteromonocyclic group con- 
taining 1 to 4 nitrogen atom(s) and unsaturated condensed heterocyclic group containing 1 or 2 sulfur atom(s) and 1 to 
30 3. nitrogen atom(s), and the much more preferred one may be pyridazinyl, dihydropyridazinyl, tetrahydropyridazinyl, py ri- 
midinyl, dihydropyrimidinyl, pyridyl. dihydropyridyl. tetrahydropyridyl, pyrazolyt and imidazothiadiazolyl, and the most 
preferred one may be pyridazinyl, 2.3-dihydropyridazinyl, 1 ,4 -dihydropyridazinyl, 2,3,4,5-tetrahydropyridazinyl, pyrimid- 
inyl, 1 ,2-dihydropyrimidinyl, pyridyl, 1 ,2-dihydropyridyl, 1,4-dihydropyridyl, 1,2,3,6-tetrahdyropyridyl, pyrazolyl and imi- 
dazo[2,1 -b][1 ,3,4]thiadiazolyl- 

35 [0059] The -unsaturated heterocyclic group* mentioned above may have one or more (preferably 1 to 4) suitable 
subst*rtuent(s), such as lower alkyl (e.g. methyl, ethyl, propyl, isopropyl, butyl, tert-butyl, pentyl and hexyl, etc.) which 
may have one or more (preferabry 1 to 4) suitable substituent(s) as mentioned hereinafter; carboxy(lower)alkenyl (e.g. 

1- carboxyvinyl, 2-carboxyvinyl, 1-carboxy-2-propenyl, 3-carboxy-2-propenyl, 3-carboxy-2-butenyl, 4-carboxy-2-methyl- 

2- butenyl, 3-carboxy-1-hexenyl, etc.); amino; di(lower)alkylamino (e.g. dimethylamino, N-methylethylamino, dipro- 
ao pylamino, N-butyl-(2-methy!butyl)amino, N-pentylhexylamino, etc.); halogens (e.g. fluoro, chloro, bromo, iodo, etc.); 

lower alkoxy (e.g. methoxy. ethoxy, propoxy, isopropoxy, butoxy, tert-butoxy, pentyloxy, hexyloxy, etc.); oxo; hydroxy; 
cyano; acyl group as mentioned below or the like. 

[0060] Suitable "acyl group" may include lower alkanoyl group (e.g. formyl, acetyl, propionyl, butyryl, isobutyryl, 
pivaloyl, hexanoyl, etc.), carboxy, protected carboxy or the like. 

45 [0061] Suitable example of said "protected carboxy" may be esterified carboxy, the preferred one of which may 
include lower alkoxycarbonyl (e.g. methoxycarbonyl, ethoxycarbonyl, propoxy carbony I, tert-butoxycarbonyl, pentyloxy- 
carbonyl, hexyloxycarbonyl, etc.) or the like; and amidated carboxy, the preferred one of which may include carbamoyl 
and N,N-di(lower)alkylcarbamoyl groups, the two lower alkyl groups of which may bond to each other to form a 3 to 6- 
membered ring (e.g. N,N-dimethylcarbamoyl, N-methyl-N-ethylcarbamoyl, N,N-diethylcarbamoyl, N,N-dipropylcar- 

50 bamoyl, N-butyl-N-tert-butylcarbamoyl, N,N-dipentylcarbamoyl, N-pentyl-N-hexylcarbamoyl, 1-aziridinylcarbamoyl, i- 
azetidinylcarbonyl, 1 -pyrrolidinylcarbonyl, piperidinocarbonyl, etc.) or the like. 

[0062] Suitable example of the "suitable substituent(s)" of said "lower alkyl which may have one or more suitable 
substituent(s)" may include hydroxy, said halogen, said lower alkoxy, said acyl or the like. 

[0063] Suitable example of said "lower alkyl group having one or more suitable substrtuent(s)" may include lower 
55 alkyl having both hydroxy and halogen, such as 1 -hydroxy- l-chloromethyl, 1 -hydroxy-2-chloroethyl, 2-hydroxy-3-fluor- 
opropyl, 2-hydroxy-3,3,3-trichloropropyl, 3-bromo-4-hydroxy-4-iodobutyl, 1-chloro-2-hydroxy-4-fluoropentyl. 3,4-dihy 
droxy-6-chlorohexyl or the like; 
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hydroxy(lower)alkyl such as hydroxymethyl. 2-hydroxyethyl, 2-hydroxypropyl, 3-hydroxypropyl, 1-hydroxy-l- methyl- 
ethyl, 1 -hydroxybutyl, 1 -hydroxymethyl- 1 -methylethyl. 3-hydroxypentyl, 2-hydroxyhexyl or the like; 
lower alkoxy(lower)alkyl such as methoxymethyl. ethoxymethyf, 2-ethoxyethyl t 1 -propoxyethyl, 3-isopropoxypropyl, 
2-butoxybutyl, 1 -tert-butoxy methyl- 1 -methylethyl, 5-pentyloxypentyl, hexyloxymethyl, 3-hexyloxyhexyl or the like' 
and 

acyl(lpwer)afkyl, the preferred one of which may be carboxy(lower)alkyl (e.g. carboxym ethyl, 2-carboxyethyl, 2<ar- 
boxypropyl, 3-carboxypropyl, 2-carboxy-l -methylethyl, 4-carboxybutyl. Vcarboxymethyl-1 -methylethyl. 3-carbox- 
ypentyl, 2-carboxyhexyl, etc.), preferably protected carboxy(lower)alkyl. such as esterified carboxy(lower)alkyl and 
amidated carboxy(lower)alkyl, stilJ more preferably lower alkoxycarbonyl(lower)alkyl (e.g. methoxycarbonylmethyl. 
ethoxycarbonylmethyl, 2-methoxycarbonylethyl. 2-ethoxycarbonylethyl. 1 -propoxycarbonylethyl, 3-ethoxycarbonyl- 
propyl, 2-butoxycarbonylbutyl, 4-ethoxycarbonylbutyl. 1 -te rt-butoxycarbonyJme thy H -methylethyl, 5-pentyloxycarb- 
onylpentyl, hexyloxycarbonylmethyl, 3-hexyloxycarbonylhexyl, etc.), carbamoyl(lower)alkyl (e.g. carbamoytm ethyl, 
2-carbamoylethyl, 3-carbamoylpropyl. 2-carbamoyl-i- methylethyl. 4 -carbamoyl butyl. 1 -carbamoylmethyM -methyl' 
ethyl, 5-carbamoylpentyl, 3-carbamoylhexyl, etc.), ahd N,N-di(lower)alkylcarbamoyl(lower)alkyl In which two lower 
alkyl groups on nitrogen atom may bond to each other to form 3 to 6-membered ring [e.g. N,N-dimethy!carbamoyl- 
methyl, 2-(N.N-tfmethylcarbamoyl)ethyl, 2-(N-methyl-N-ethylcart3amoyl)ethyl, 3-(N-methyl-N-ethylcarbamoyl)pro- 
pyl, 2-(N,N-dipropylcarbamoyl)-1 -methylethyl, 4-(N,N-dipropylcarbamoyl)butyl, 1 -(N.N-dimethylcarbamOyl)-methyl- 
1 -methylethyl, 5-(N-pentyl-N-hexylcarbamoyl)pentyl, 3-(N-pentyl-N-hexylcarbamoyl)hexyi, (1-aziridinyicarbo- 
nyl)methyl, 2-(1-azetidinylcarbonyl)ethyl, 2- (pipe ridinocarbonyl)ethy I, 3-(l-pyrrolidinylcarbonyl)propyl, 2-(piperidi- 
nocarbonyl)-l -methylethyl, 4-(1 -azetidinylcarbonyl)butyl, 1 -(1 -aziridinylcarbonyl)methyM -methylethyl, 3-(r- 
pyrrolidinylcarbonyl)pentyl, 6-(piperidinocarbonyl)hexyl, etc.] or the like. 

[0064] The preferred substituent on said "unsaturated heterocyclic group' may be lower alkyl, lower alkyl having 
hydroxy and halogen, hydroxy(lower)alkyl. lower a!koxy(lower)alkyl, carboxy(lower)alkyl, lower alkoxycarbo- 
nyl(k>wer)alkyl, carbamoyl(lower)alkyl, N,N-di(lower)alkylcarbamoyl(lower)alkyl wherein two lower alkyl groups on nitro- 
gen atom may bond to each other to form a 3 to 6-membered ring, carboxy(lower)alkenyl, di(lower)alkylamino, halogen, 
lower alkoxy, oxo, carboxy, lower aikoxycarbonyl, lower alkanoyl, amino, cyano and hydroxy. Among these, the more 
preferred one may be (C^Jalkyl,. (C r C 4 )alkyl having hydroxy and halogen, hydroxy^ -C 4 )alkyl, (C^C^alkoxyfCv 
C 4 )alkyl, carboxy(C t -C 4 )alkyl, (CrC^alkoxycarbonylJCt^Jalkyl, carbamoyl(C 1 -C 4 )alkyl, N, IM-di(Ct-C 4 )alky Car- 
bamoyl (C r C 4 ) alky I, piperidinocarbonyl(C ! -C 4 )alkyl, carboxy(C2-C 4 )alkenyi, di(C,-C 4 )alkylarnino, halogen. (C r 
C 4 )alkoxy, oxo, carboxy, (C^^alkoxycarbonyl, (C v C 4 )alkanoyl, amino, cyano and hydroxy. The most preferred one 
may be methyl, propyl, 2-hydroxy-3,3.3-trichloropropyt. 2-hydroxyethyl, 3- hydroxy propyl, 2-ethoxyethyl, 2-carboxyethyl. 
3-carboxypropyl, 4 -carboxy butyl, methoxycarbonylmethyl, 2-methoxycarbonylethyl, 3-ethoxycarbonylpropyl, 4-ethoxy- 
carbonylbutyl, 2-carbamoylethyl, 2-(N,N-dimethyIcarbamoyl)ethyl, 2-(piperidinocarbonyl)ethyl, 2-carboxyvinyl, dimeth- 
ylamino, chloro. methoxy, oxo, carboxy, ethoxycarbonyl, methoxycarbonyl. acetyl, amino, cyano and hydroxy. 
[0065] The 'unsaturated heterocyclic group" of said 'unsaturated heterocyclic group which may have one or more 
suitable substituent(s)" may have one or more (preferably 1 to 4) substituent(s) mentioned below in addition to the ones 
mentioned hereinbefore. 

[0066) The substituent referred to above may include amino (lower) alkyl; lower alkylamino(lower)alkyl; car- 
boxy(lower)alkylamino(lower)alkyl; protected carboxy(lower)alkylamino(lower)alkyl; lower alkylarnino(lower)alkyi hav- 
ing hydroxy and aryloxy; protected amino(lower)alkyl; cyano(lower)alkyl; cyano(higher)alkyl; lower alkyl having 
heterocyclic group in which heterocyclic group may have one or more suitable substituent(s); higher alkyl having hete- 
rocyclic group in which heterocyclic group may have one or more suitable substituent(s); ar(lower)alkyl; lower alkenyl; 
heterocyclic group which may have one or more suitable substituent(s); cyclo(lower)alkyl which may have one or more 
suitable substituent(s); and cyclo(lower)alkenyl which may have one or more suitable substituent(s). 
[0067] These substituents are now explained in the following. 

[0068] Suitable •amino(lower)alkyr may include aminomethyl, 1-aminoethyl, 2-aminoethyl, 2-aminopropyl, 3-ami- 
nobutyl. 2-amino-1,l-<fimethylethyl, 5-aminopentyl. 1 -aminohexyl, etc. Among these, the preferred one may be 
amino(C 1 -C 4 )alkyl, and the more preferred one may be 2-aminoethyl. 

[0069] Suitable 'lower alkylamino(lower)alkyl" may include mono- or di(lower)alkylamino(lower)alkyl such as meth- 
ylaminomethyl, 2-(ethylamino)ethyl, 3- (propylamino) propyl, 2-(propylamino)butyl, 2-(t-butylamino)-1,1-dimethylethyl. 4- 
pentylaminopentyl, 6-hexylaminohexyl. dimethylaminomethyt, 2-dimethylaminoethyl, 1 -(N-methylethytamino)ethyl, v 
dimethylaminopropyl, 2-diethylaminopropyl, 3-dimethylaminopropyl, 3-(N-propylbutylamino)buty1, 4-dimethylami- 
nobutyl. 2-dibutylamino-1,Vdimethylethyl, 4-drpentylaminopenryl. 6-(N-pentylhexylamino)hexyl or the like. Among 
these, prelerred one may be di(lower)alkylamino(lower)alkyl. and the more preferred one may be di(C^ 
C^alkylamino^-C^alkyl, and the most prelerred one may be 2-dimethylaminoethyl. 3-dirnethyiaminopropyl or 4- 
dimethylaminobutyl. 

[0070] Suitable 'carboxy(lower)alkylamino(lower)alky|- may include carboxy me thy laminomethy I, 2-(carboxymethyl- 
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amino)ethyl, 2-(i-carboxyethylamino)ethyl, 3-(2:carboxypropylamino)propyl, 2-(3-carboxypropylamino)butyl, 2-(2-car- 
boxy-1 t 1-dimethylethylamino)-1.l*dimethylethyl t 4-(5-carooxypentylamino)pentyl, 6-(3-carboxyhexylamino)hexyl or the 
like, in which the preferred one may be carboxy(C r C 4 )alkylamino(C r C 4 )a!kyl, and the most preferred one may be 2- 
(carooxymethylamino)ethyl. 

5 [0071) Suitable "protected carboxy" of said "protected carboxy(lower)alkylamino(lower)alkyr may be esterified car- 
boxy or the like, and concrete example of the ester moiety in said esterified carboxy may include lower alkyl esters (e.g. 
methyl ester, ethyl ester, propyl ester, Isopropyl ester, butyl ester, isobutyl ester, tert-butyl ester, pentyl ester, hexyl ester, 

1- cyclopropylethyl ester, etc.) which may have suitable subst'rtuent(s), for example, lower aJkanoyloxy(lower)alkyl ester 
(e.g. acetoxymethyl ester, propionyloxym ethyl ester, butyryloxyrhethyl ester, vale ryloxy methyl aster, pivaloyloxymethyl 

w ester, 1 -acetoxyethyl ester, 1 -propionyloxyethyl ester, 2-propionyloxyethyl ester, hexanoyloxym ethyl ester, etc.), lower 
alkanesulfonyl(lower)alkyl ester (e.g. 2-mesylethyl ester etc.) or mono(or di or tri)halo(lower)alkyl ester (e.g. 2-iodoethyl 
ester, 2,2,2-trichloroethyl ester, etc.); lower alkenyl ester (e.g. vinyl ester, ally! ester, etc.); lower alkynyl ester (e.g. ethy- 
nyt ester, propynyl ester, etc.); ar(lower)alkyl ester (e.g. benzyl ester, 4 -methoxy benzyl ester, 4-nitrobenzyl ester, 
phenethyl ester, trityl ester, benzhydryl ester, bis(methoxyphenyl)methy! ester. 3.4-dimethoxybenzyl ester, 4-hydroxy- 

15 3,5-di-tert-butylbenzyl ester, etc.) which may have suitable substituent(s); and aryl ester (e.g. phenyl ester, 4-chloroph- 
enyl ester, toryl ester, 4-tert-butylphenyl ester, xylyl ester, mesityl ester, cumenyl ester, etc.) which may have suitable 
substhuent(s), or the like. 

[0072] Suitable "protected carboxy(lower)alkylamino(lower)alkyl" may include esterified car- 
boxy(lower)alkylamino(lower)alkyt in which the preferred one may be lower alkoxycarbo- 
zo ny1(lower)alkylamino(lower)alkyl, such as methoxycarbonylmethylaminomethyl. 2-(ethoxycarbonylmethyiamino)ethyl, 

2- (1 -ethoxycarbonyl-ethylaminojethyl, 3-(2-propoxycarbonylpropylamino)propyl, 2-(3-butoxycarbony!pro- 
pytamino)butyl, 2-{2-t-butoxycarbonyl-1 , 1 -dimethyethylamino)-1 , 1 -dimethylethyl, 4-(5-penty loxycarbo- 
nylpentylamino)pentyl, 6-(3-hexyloxycarbonylhexylamino) hexyl or the like. The more preferred one may be (C r 
C^Jalkoxy-carbonyltCvC^alkylamino^vC^alkyl, and the most preferred one may be 2-(ethoxycarbonyimethylamino) 

25 ethyl. 

[0073J Suitable "lower alkylamino(k>wer)a!kyl having hydroxy and aryloxy" may include said "lower 
alky!amino(lower)alkyr having 'hydroxy" and "aryloxy" (e.g. phenoxy, tolyloxy, naphthyloxy, etc.), the suitable example 
of which may include 1-(1-naphthyloxy)-1-hydroxymethylaminomethyl, 2-(1-hydroxy-2-phenoxyethylamino)ethyl, 2-[2- 
hydroxy-3-( 1 -naphthyloxy)propytamino]ethyl, 2-[4-hydroxy-3-(p-tolyloxy)butylamino]propyl, 2-[4-hydroxy« 1 -(2-naphthyl- 
30 oxy)butylamtno]-1,1 -dimethylethyl, 4-[1-hydroxy-5-(1-naphthyloxy)pentylamino]pentyl and 6-[2-hydroxy-4-(2-naphthyl- 
oxy)hexylamino]hexyl, in which the preferred one may be (C r C 4 )alkylamino(C 1 -C 4 )aJkyl having hydroxy and 
naphthyloxy, and the more preferred one may be 2-[2-hydroxy-3-(1-naphthyloxy)propylamino]ethyl. 
[0074] Suitable "protected amino(lower)alkyr may include acylamino(lower)alkyl. 

[0075] Suitable example of said acylamino may be lower alkanoylamino (e.g. formylamino, acetyiamino, propio- 

35 nylamino, hexanoylamino, pivaloylamino, etc.). mono(or di ortri)halo(lower)alkanoylamino (e.g. chloroacetylamino, trit- 
luoroacetylamino, etc.), lower alkoxycarbonylamino (e.g. methoxycarbonytamino, ethoxycarbonylamino, tert- 
butoxycarbonylamino, tert-pentyloxycarbonylamino, hexyloxycarbonylamino, etc.), mono(or di or tri)- halo (lower) alkoxy- 
carbonylamino (e.g. chloromethoxycarbonylamtno, dichloroethoxycarbonylamino, trichloroethoxycarbonylamino, etc.), 
aroylamino (e.g. benzoylamino. toluoylamino, xyloylamino, naphthoylamino, etc.), ar{ lower) alkanoylamino such as phe- 

40 ny1(lower)alkanoylamino (e.g. phenylacetylamino, phenylpropionylamino, etc.), aryloxycarbonylamino (e.g. phenoxy- 
carbonylamino, naphthyloxycarbonylamino, etc.), aryloxy(lower)alkanoylamino such as phenoxy(lower)alkanoylamino 
(e.g. phenoxyacetylamino, phenoxypropionytamino, etc.), arylglyoxyloylamino (e.g. phenylgfyoxyloylamino, naphthylgly- 
oxyloylamino, etc.), ar(lower)alkoxycarbonylamino which may have suitable substituent(s), such as phenyl(lower)afkox- 
ycarbonylamino which may have nitro or lower alkoxy (e.g. benzyloxycarbonylamino, phenethyloxycarbonylamino, p- 

45 nitrobenzyloxycarbonylamino, p-methoxyben2yloxycarbonylamino, etc.), thienylacetylamino, imidazolylacetylamino, 
furylacetylamino, tetrazolylacetylamino, thiazolylacetylamino, thiadiazotyiacetytamino, thienylpropionytamino, thiadia- 
zolylpropionylamino, lower alkylsulfonylamino (e.g. methylsulfo nylamino, ethylsuifonylamino, propylsulfonylamino, iso- 
propylsulfonylamino, pentylsulfonylamino, butylsulfonylamino, etc.), a rylsulfo nylamino (e.g. phenylsu If o nylamino, 
tolylsulfonylamino, xylylsulfonylamino. naphihylsulfonylamino, etc.), a r( lower) alkylsulfonylamino such as phe- 

so nyt(lower)alkylsulfonylamino (e.g. benzylsulfonylamino, phen ethylsuifonylamino, benzhydrylsulfonylamino, etc.), and 
imido (e.g. 1.2-cyclohexanedtcarboximido, succinimido, phthalimido, etc.) or the like. 

[0076] Preferred example of said "protected amino(lower)alkyl* may be imido(lower)alkyl, such as phthaljmidome- 
thyl, 2-phthalimidoethyl, 1-(l,2-cyclohexanedicaruoximido)ethyl, 2-suceinimidopropyl, 3-phthalimidobutyl, 2-{1,2- 
cyclphexanedicarboximkfo)- 1,1 -dimethylethyl, 5-phthalimidopentyl. 1-phthalimidohexyl or the like. The more preferred 
55 one may be imido(C r C 4 )alkyl, and the most preferred one may be 2-phthalimidoethyl. 

[0077] Suitable *cyano(lower)alkyl" may include cyanomethyl, 1-cyanoethyl, 2-cyanoethyl, 3-cyanopropyl, ?• 
cyanobutyl, 4-cyanobutyl, 2-cyano-l,l -dimethylethyl, 4 -cya no pentyl, 5-cyanopantyl, 6-cyanohexyl or the like,, in which 
the preferred one may be cyano (C^C^alkyl, and the most preferred one may be cyanomethyl, 2-cyanoethyl, 3-cyan- 



11 



EP1 084 710 A1 



opropyf, 4-cyanobutyl, 5-cyanopentyl and 6-cyanohexyl. 

[0078] Suitable "cyano(higher)alkyr may include 7-cyanoheptyl, 8-cyanooctyl, 4-cyanooctyl, 8-cyano-3-methylhep- 
tyl, 9-cyanononyl, 1 -cyanononyl, 10-cyanodecyt, 8<yanoundecy1, 12-cyanododecyf, 1 l-cyano-4-methylundecyl, 13- 
cyanotridecyl, 6-cyanotetradecyl, 15-cyanopentadacyl, 12-cyanohexadecyl, 1 7-cyanoheptadecyl, 4-cyanooctadecyl, 
19-cyanononadecyl, l-cyano-12-ethylheptadecyl, 20-cyanoeicosyl or the like, in which the preferred one may be 
cyano(C 7 -C 16 )alkyl and the more preferred one may be 7-cyanoheptyl, 8-cyanooctyl, 9-cyanononyl, 1 O-cyanodacyl and 
12-cyanodecyl. 

[0079] Suitable "lower alkyl" may include straight-chain or branched-chain alkyl such as methyl, ethyl, propyl, iso- 
propyl, butyl, t-butyl, pentyl, hexyl or the like. 

[0080] Suitable "lower alkenyl" may include straight-chain or branched-chain alkenyl such as vinyl, allyl, 2-butenyi, 
2-methyl-2-propenyl, 4-pentenyl, 3-hexenyl or the like, in which the preferred one may be (C 2 -C 4 )alkenyl, and the more 
preferred one may be vinyl 

[0081] Suitable "lower alkyl" of said "lower alkyl having heterocyclic group, in which heterocyclic group may have 
one or more suitable substrtuent(s)" may include the same lower alkyl as mentioned above, and the preferred one may 
be (C,-C 6 )alkyl, and the most preferred one may be methyl, ethyl, propyl, butyl, pentyl and hexyl. 
[0082] Suitable "higher alkyl" of said "higher alkyl having a heterocyclic group, in which heterocyclic group may 
have one or more suitable substituent(s)" may include heptyl. octyl. 3-methylheptyl, nonyl, 2,6-dimethylheptyl, decyt, 
undecyl, dodecyl, 4-methyldodecyl, tridecyl, tetradecyl. pentadecyl, hexadecyl, heptadecyl, octadecyl, nonadecyl, 12- 
ethylheptadecyl, eicosyl or the like, in which the preferred one may be (C 7 -C 16 ) alkyi, and the more preferred one may 
be heptyl, octyl, nonyl, decyl and dodecyl. 

[0083] Suitable "heterocyclic group" of said "lower alkyl having a heterocyclic group, in which heterocyclic group 
may have one or more suitable substituent(s)" and of said "higher alkyl having heterocyclic group, in which heterocyclic 
group may have one or more suitable substituent(s)" may include saturated or unsaturated monocyclic or polycyclic het- 
erocyclic group containing at least one hetero atom such as oxygen, sulfur, nitrogen or the like. The particularly pre- 
ferred heterocyclic group may be 3 to 8-membered unsaturated heteromonocydic group containing 1 to 4 nitrogen 
atom(s), such as pyrrolyl. pyrrolinyl, imidazolyl, pyrazolyl, pyridyl and its N-oxide, pyrlmidyl. pyrazinyl, pyridazinyl, tria- 
zolyl (e.g. 4H-1 ,2,4-triazoryl, 1H-1,2,3-triazolyl, 2H-1,2,3-triazolyl, etc.), tetrazolyl (e.g. 1 H-tetrazolyl, 2H-tetrazolyl, etc.), 
dihydrotriazinyl (e.g. 4,5-dihydro-l ,2,4-triazinyl, 2,5-dihydro-1 ,2,4-triazinyl, etc.) or the like; 

3 to 8-membered saturated heteromonocydic group containing 1 to 4 nitrogen atom(s), such as pyrrolidinyl, imida- 
zolidinyl, piperidyl (e.g. piperidino, etc.), piperazinyl or the like; 

unsaturated condensed heterocyclic group containing 1 to 5 nitrogen atom(s), such as indolyl, isoindolyl, indoliz- 
inyl. benzimidazoryl, quinoryl. isoquinolyl, indazoryl, benzotriazolyl, tetrazolopyridyl, tetrazolopyridazinyl (e.g. tetra- 
zolo[1 ,5-b]pyridazinyl etc.), dihydrotriazolopyridazinyl or the like; 

3 to 8-membered unsaturated heteromonocydic group containing 1 or 2 oxygen atom(s) and 1 to 3 nitrogen 
atom(s), such as oxazolyl. isoxazolyl, oxadiazoryl (e.g. 1,2,4-oxadiazolyl, 1 ,3,4-oxadiazoryl, 1,2,5-oxadiazolyl, etc.) 
or the like; 

3 to 8-membered saturated heteromonocydic group containing 1 or 2 oxygen atom(s) and 1 to 3 nitrogen atom(s). 
such as morpholinyl, oxazolidinyl (e.g. 1 ,3-oxazolidinyf etc.) or the like; 

unsaturated condensed heterocyclic group containing 1 or 2 oxygen atom(s) and 1 to 3 nitrogen atom(s). such as 
benzoxazolyl. benzoxadiazolyl or the like; 

3 to 8-membered unsaturated heteromonocydic group containing 1 or 2 sulfur atom(s) and 1 to 3 nitrooen atom(s), 
such as 1,3-thiazolyl. 1,2-thiazolyl, thiazolinyl, thiadiazolyl (e.g. 1,2,4-thiadiazolyl, 1 ,3.4-thiadiazolyl, 1^2,5-thiadia- 
zolyl, 1 ,2,3-thiadiazolyl) or the like; 

3 to 8-membered saturated heteromonocydic group containing 1 or 2 sulfur atom(s) and 1 to 3 nitrogen atom(s), 
such as thiazolidinyl or the like; 

3 to 8-membered unsaturated heteromonocydic group containing one sulfur atom, such as thienyl or the like; 
unsaturated condensed heterocyclic group containing l or 2 sulfur atom(s) and 1 to 3 nitrogen alom(s), such as 
ben2othiazolyl, benzothiadiazoryl or the like; 

3 to 8-membered unsaturated heteromonocydic group containing 1 or 2 oxygen atom(s), such as fury!, pyranyl, 
dioxolyl or the like; 

3 to 8-membered saturated heteromonocydic group containing 1 or 2 oxygen atom(s), such as oxolanyl, tetrahy- 
dropyranyl (e.g. tetrahydro-2H-pyran-2-yl etc.), dioxolanyl or the like: 

unsaturated condensed heterocyclic group containing 1 or 2 oxygen atom(s), such as isobenzofuranyl, chromenyl 
(e.g. 2H-chlomen-3-yl etc.), dihydrochromenyl (e.g. 3,4-dihydro-2H-chlomen-4-yl etc.)or the like; and so on. 

[0084] Preferred example of said "heterocyclic group' may be 3 to 8-membered unsaturated heteromonocydic 
group containing 1 to 4 nitrogen atom(s): 3 to 8-membered saturated heteromonocydic group containing 1 to 4 nitrogen 
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atom(s), 3 to 8-membered saturated heteromonocyclic group containing 1 or 2 oxygen atom(s) and 1 to 3 nitrogen 
atom(s); and 3 to 8-membered saturated heteromonocyclic group containing 1 or 2 oxygen atom(s). in which the pre- 
ferred one may be pyridyl. tetrazolyl, piperidyl, piperazinyl, morpholinyl, oxazolidinyl and tetrahydropyranyl, and the 
more preferred one may be 4-pyridyl, 1 H-tetrazol-5-yl, piperidino, 1 -piperazinyl, morpholino, 1 ,3-oxazolidin-S-yl and tet- 
5 rahydfo-2H-pyran-2-yl. 

[0085] The "heterocyclic group* mentioned above may have one or more (preferably 1 to 3) suitable substituent(s) 
such as hydroxy{lower)alkyl (e.g. hydroxymethyl, 2-hydroxyethyl, 1-hydroxypropyl, 4-hydroxybutyl, 2-hydroxy-l,i- 
dimethylethyl, 3-hydroxypentyl, 6-hydroxyhexyl, etc.), aryl optionally having lower alkoxy (e.g. phenyl, naphthyl, 2-meth- 
oxyphenyl, 2-methoxynap'hthyl, 3-ethoxyphenyl, 4-propoxyphenyi, 2-butoxy phenyl, 5-propoxynaphthyl, 3-t-butoxyphe- 
io nyl, 4-pentyfoxyphenyl, 2-hexyloxyphenyl. etc.), oxo or the like. The preferred one, among such "suitable substituent(s)', 
may be hydroxy(C 1 -C 4 )alkyl, phenyl having (C r C 4 )alkoxy, and oxo, and the more preferred one may be 2-hydroxyethyl, 
2-methoxyphenyl and oxo. 

[0086] Suitable "heterocyclic group" of said "heterocyclic group which may have one or more suitable substitu- 
ent(s)" may include the same groups as mentioned for the "heterocyclic group" of said "lower alkyl having heterocyclic 
15 group, in which heterocyclic group may have one or more suitable substituent(s)" and of said "higher alkyl having a het- 
erocyclic group, in which heterecyclic group may have one or more suitable substituent(s)", arid the preferred one may 
be unsaturated condensed heterocyclic group containing 1 or 2 oxygen atom(s) and the more preferred one may be 
dihydrochromenyl, and the most preferred one may be 3,4-dirtydro-2H-chromen-4-yl. 

[0087] This "heterocyclic group" may have one or more (preferably 1 to A) suitable substituent(s) such as said lower 
20 alkyl, hydroxy, cyano or the like, in which the preferred one may be (C r C 4 )alkyl, hydroxy and cyano, and the most pre- 
ferred one may be methyl, hydroxy and cyano. 

[0088] Suitable "ar(lower)alkyP may include mono- or di- or tri-phenyl(lower)alkyl (e.g. benzyl, phenethyl, 2-phenyl- 
propyl, 4-phenylbutyl, 2-phenyl-1,1-dimethylethyl f 1 -phenylpentyl, 6-phenylhexyl, benzhydryl, trityl, etc.) or the like, in 
which the preferred one may be phenyl (C 1 -C 4 )alkyl, and the most preferred one may be benzyl. 
25 [0089] Suitable "nitrogen-containing heterocyclic group" of said "nitrogen-containing heterocyclic group which may 
have one or more suitable substituent(s)" may include heterocyclic group containing at least one nitrogen atom as its 
ring member among said "heterocyclic group", and this "nitrogen-containing heterocyclic group" may have one or more 
(preferably 1 to 3) suitable substituent(s) (e.g. said hydroxy(!ower)alkyl, said aryl which may have lower alkoxy, oxo, 
etc.). 

30 [0090] Suitable "tetrazolyl(lower)alkyr may include 1 H-tetrazol-5-ylmethyl, 2-(1 H-tetrazol-5-yl)ethyl, 3-(1 H-tetrazol- 
5-yl)propy1, 4-(1 H-tetrazol-5-yl)butyl, 2-(2H-tetrazol-2-yl)-1,1-dimethylethyl, 4-(lH-tetrazol-1-yl)pentyl, 5-(1 H-tetrazol-5- 
yl)pentyl, 6-(1H-tetrazol-5-yl)hexyl or the like, in which the preferred one may be tetrazolyl(C 1 -C 6 )alkyl, and the more 
preferred one may be (1 H-tetrazol-5-yl)methyl, 2-(1H-tetrazol-5-yl)ethyl, 3-(1H-tetrazol-5-yl)propyl, 4-(1 H-tetrazol-5- 
yljbutyl, 5-(1H-tetrazol-5-yl)pentyl. and 6-(1 H-tetrazol-5-yl)hexyl. 

35 [0091] Suitable *tetrazoryi(higher)alkyl" may include 7-(1H-tetrazol-5-yl)heptyl, 8-(1H-tetrazol-5-yl)octyl, 4-(1H- 
tetrazol-1 -yl)octyl, 8-(lH-tetrazol-5-yl)-3-methylheptyl, 9-(1H-tetrazol-5-yl)nonyl, 1-(1H-tetrazol-1-yl)nonyl, 10-(1H-tetra- 
zol-5-yl)decyl. 8-(1H-tetrazol-5-yl)undecyl, 12-(1H-tetrazol-5-yl)dodecyl, 11-(1H-tetrazol-5-yl)-4-methylundecyl, 13-(1H- 
tetrazol-5-yl)tridecyl, 6-(1H-tetrazol-5-yl)-tetradecyl, 15-{1H-tetrazol-5-yl)-pentadecyl, 12-(lH-tetrazol-5-yl)-hexadecyl. 
1 7-(1 H-tetrazol-1 -yl)-heptadecyl, 4-(1 H-tetrazol-5-yl)-octadecyl, 1 9-(l H-tetrazol-5-yl)-nonadecyf, 1 -(1 H-tetrazoM -yl)- 

40 12-ethylheptadecyl, 20-(1 H-tetrazol-5-yJ)eicosyl or the like, in which the preferred one may be tetrazolyl(C 7 -C 16 )alkyl, 
and the more preferred one may be 7-(1H-tetrazol-5-yl)heptyl, 8-(1H-tetrazol-5-yl)-octyl, 9-(1 H-tetrazol-5-yl)nonyl, 10- 
(1H-tetrazol-5-yl)decyl and 12-(1 H-tetrazol-5-yl)dodecyl. 

[0092] Suitable "cyclo(lower)alkyl" may include cyclo(C 3 -C 8 )alkyl such as cyclopropyl, cyclobutyl, cyclopentyl, 
cyclohexyl, cycloheptyl, cyclooctyl or the like, in which the preferred one may be cyclo(C 5 -C 7 )alkyl such as cyclopentyl, 
45 cyclohexyl, cycloheptyl or the like. 

[0093] The N cyclo(lower)alkyl" mentioned above may have one or more (preferably 1 to 3) suitable substituent(s) 
selected from among acyl(lower)aIkyl, acyl(lower)alkyiidene or the like. 

[0094] Suitable "cyclo(lower)alkenyr may include cyclo(C 3 -C 8 )alkenyl such as cyclopropenyl, cyclobutenyl, 
cyclopentenyl, cyclohexenyl, cycloheptenyl, cyclooctenyl or the like, in which the preferred one may be cyclo(C 5 - 
50 C 7 )alkanyl such as cyclopentenyl, cyclohexenyl, cycloheptenyl or the like, and the more preferred one may be cyclohex- 
enyl or cycloheptenyl. 

[0095] The "cyclo(lower)alkenyl" mentioned above may also have one or more (preferably 1 to 3) suitable substrtu- 
ents such as those mentioned above for *cyclo(lower)alkyr. 

[0096] Suitable example of the above "acyl(lower)alkyl" may include carboxy(lower)alkyl (e.g. carboxy methyl, 2-car- 
55 boxyethyl, 3-carboxypropyl, 1 -carboxymethylethy I, 4-carboxy butyl, 2-carooxymethyl-2-methylethyl, 5-carboxypentyl, 3- 
carboxyhexyl. etc.) and lower alkanoyl(lower)alkyl (e.g. acetylmethyl, formylmethyl, 2-acetylethyl, 2-propionylpropyl, 4- 
butyrylbutyl, 3-pentanoylpentyl, 6-hexanoylhexyl, etc.), in which the preferred one may be carboxy (C^C,,) alkyl or (C,- 
C 4 )alkanoyl(C r C 4 )alkyl, and the more preferred one may be carboxymethylr2-carboxyethyl, 3-carboxypropyl or acetyl- 
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methyl. 

[0097J Other preferred example of •acyt(lower)alkyr, may include protected carboxy(Iower)alkyl, in which the pre- 
ferred one may be esterified carboxy(lower)alkyl, and the more preferred one may be lower alkoxycarbonyl(lower)alkyJ 
(e.g. methoxycarbonylmethyl, ethoxycarbonylmethyl, 2-ethoxycarbonylethyl, 1-propoxycarbonylpropyl, 2-isopropoxy- 
carbonylpropyl. butoxycarbonylmethyl, t-butoxycarbonylmethyl, 4-isobutoxycarbonylbutyl, 3-pentyloxycarbonylpenfyl 
6-hexyloxycarbonylhexyl, (l-cyclopropylethoxycarbonyl)methyl, etc.) and phenyl(lower)alkoxycarbonyl(lower)alkyl (e g' 
benzyloxycarbonylmethyl, 2-ben2yloxycarbonylethyl, 1-phenethyloxycarbonylethyl, 3-benzyloxycarbony (propyl, 2-ben- 
zyloxycarbonylbutyl, 2 phenethyloxycarbonylmethyl-2-methylethyl, 3-benzyloxycarbonylpentyl, 6-benzyloxycarbonyf- 
hexyl. etc.), and the more preferred one may be (C^^alkoxycarbonyKC,-^^^! or phenyl(C r 
C 4 )alkoxycarbonyl(C r C 4 )alkyl, and the particularly preferred one may be methoxycarbonylmethyl, ethoxycarbonylme- 
thyl, t-butoxycarbonylmethyl, 2-benzyloxycarbonylethyl and 3-benzyloxycarbonylpropyl. 

[0098] Suitable example of 'acyl(lower)alkylidene" may include carboxy(lower)alkylidene (e.g. carboxymethylene 
2-carboxyethylidene, 2-carboxypropyfidene. 4-carboxybutylidene, 5<;arboxypentylidene. 3-carboxyhexylidene etc ) in 
which the preferred one may be carboxy(C r C 4 )alkylidene, and the more preferred one may carboxymethylene 
[0099] • Other suitable example of -acyl(lower)alkyIidene- may include protected carboxy(lower)alkyfidene, in which 
the preferred one may be esterified carboxy(lower)alkylidene, and the more preferred one may be lower alkoxycarbo- 
nyl(lower)aIkylidene such as methoxycarbonylmethylene, ethoxycarbonylmethylene, 2-ethoxycarbonylethylidene 1- 
propoxycarbonylpropytidene, 2-isopropoxycarbonylpropylidene, butoxycarbonylmethylene. t-butoxycarbonylmethylene 
4-isobutoxycarbonylbutyfidene, 3-pentyloxycarbonylpentylidene, 6-hexyloxycarbonylhexylidene, (1 -cyclopropylethoxy - 
carbonyl)methylene or the like. The further more preferred one may be (C l -C 4 )alkoxycarbonyl(C 1 -C 4 )alkylidene, and 
the particularly preferred one may be methoxycarbonylmethylene, ethoxycarbonylmethylene and t- butoxycarbonyl- 
methylene. 

[01 00] Among the pyrazolopyridine compound (I) described above, the particularly preferred compound for practic- 
ing the present invention may include the following ones. 

(1) (2R)-1 -[3-(2-Phenylpyrazolo[1 .5-a]pyridin-3-yl)acryloyl].2-(2-hydroxyethyl)piperidine (transisomer) 

(2) 3-[2-(3-Carboxypropyl)-3-oxo-2,3-dihydropyrida2in-6-yl]-2-phenylpyra2olo[1 ,5-a]pyridine 

(3) (2R)0-[3-(2-Phenylpyrazolo[1,5-a]pyri^^ (transisomer) 

(4) 3-[2-(2-CarboxymethyM-cyclohexen^ 

[0101] As other specific examples of the adenosine A, antagonist, xanthine compounds of the following general for- 
mula (II) and salts thereof can be mentioned. 




[wherein R , R 8 , and R 10 each independently is hydrogen, a lower aliphatic hydrocarbon group which may have 
one or more suitable substituent(s), higher alkyl which may have one or more suitable substituent(s), or 
ar(lower)alkyl which may have one or more suitable substituent(s), R 9 is hydrogen; alicyclic group, aryl, heterocyclic 
group, alicycryl(lower)alkyl, 

ar(lower)alkyl or a heterocyclic(lower)alkyl, each of which may have one or more substhuent(s); or a group of the 
formula: ^ 
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— (A 1 ) a — CH 




(wherein R n and R 12 each independently is aficycfic group which may have one or more suitable substitu- 
ent(s) or aryl which may have one or more suitable substituent(s), 
A 1 is lower alkylene, and 
n is 0 or 1 ), and 

X 1 and X 2 each independently is an oxygen atom or a sulfur atom] (exclusive of caffeine and pentoxiphylline). 

[0102] Suitable salt of the above xanthine compound may include salts of the kinds mentioned hereinbefore with 
reference to pyrazolopyridine compound (I). 

[0103] The xanthine compound (II) includes ail the compounds described in EP 0386675, EP 0415456, Japanese 
laid-open H2 -2471 80, and WO 90/12797. Therefore, the respective groups of compound (II) include all the correspond- 
ing groups of the compounds described in the above literature. 

[0104] The following definitions pertain to particularly preferred examples of the compound (II). 
[0105] Suitable "lower aliphatic hydrocarbon group" of said "lower aliphatic hydrocarbon group which may have one 
or more suitable subslituent(s)* may include the same lower alkyl, lower alkenyl and lower alkynyl as mentioned for the 
pyrazolopyridine compound (I). 

[0106] The above "lower aliphatic hydrocarbon group" may have one or more (preferably 1 to 3) suitable substitu- 
ent(s), such as, for example, hydroxy, amino, the halogen mentioned for compound (I), and the aryl mentioned for com- 
pound (I). 

[0107] The preferred example of the above "lower aliphatic hydrocarbon group" may be (C r C 4 )alkyl, (C2-C 4 )alke- 
nyl and (C 2 -C 4 )alkynyl, and the more preferred one may be (C r C 4 )alkyl f and the most preferred one may be propyl. 
[0108] Suitable "higher alkyl" of "higher alkyl which may have one or more suitable substituent(s)" may include the 
same groups as mentioned for compound (I), and this "higher alkyl* may have one or more (preferably 1 to 3) suitable 
substituent(s) such as those mentioned hereinabove for "lower aliphatic hydrocarbon group". 
[0109] Suitable "ar(lower)alkyl" may include the same groups as mentioned tor compound (I). 
[0110] This "ar(lower)alkyl" may have one or more (preferably 1 to 3) suitable substituent(s) such as said lower 
alkyl, said halogen, hydroxy, and said lower alkoxy or the like. 

[0111] Suitable "alicyclic group" and suitable "alicyclic moiety" of said "alicydic(lower)alkyl" may include cyclo(C 3 - 
C 8 )alkyl such as cyclopropyt, cydobutyl, cyclopentyl, cyclohexyl, cycloheptyl and cyclooctyl [particularly preferred one 
may be cydo(C 3 -C 6 ) alkyl]; (C r C 12 )bicycloalkyl or (C 7 -C 12 )bicycloalkenyl groups [particularly preferred one may be 
groups of the formula 




(wherein 



represents a single bond or a double bond), groups of the formula: 
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etc.]; 

(C 7 -C 12 )tricycloalkyl (particularly preferred one may be groups of the formula' 
(wherein m is 0 or 1)J, or the like. , 

[0112] Suitable "heterocyclic group" and suitable 'heterocyclic moiety" of said "heterocyclic(lower)alkyl' may 
include the same groups as mentioned for the "heterocyclic group" in the description of the compound (I). 
[0113] Suitable "aryl" may include the same groups as mentioned for compound (I). 

[0114] The preferred "lower alkyl" of said "alicycHc(lower)alkyl" and of said "heterocyclic(lower)aikyr may include 
the same groups as mentioned above for "lower alkyl". 

[0115] The alfcycllc group, aryl. heterocyclic group. aJicydic(lower)alkyl, ar(lower)alkyl and heterocyclic(lower)alkyl 
for R may each have one or more (preferably 1 to 3) suitable substituent(s), such as oxo, hydroxy, amino, said lower 
alkyl. carboxy, and the protected carboxy mentioned for compound (I) hereinbefore. 

[0116] The 'alicycfic group" and "aryl" mentioned for R 11 and R 12 may each have one or more (preferably 1 to 3) 

suitable substituent(s), such as said lower alkyl. hydroxy, the lower alkoxy mentioned for compound (I), said halogen 

amino, nhro or the like. * 

[0117J Suitable "lower alkylene" may include methylene, ethylene, 1 -methyl ethylene, trimethylene. telramethylene, 

pentamethylene, hexamethylene or the like, and the preferred one may be (C r C 4 )alkylene. 

[0118] The preferred example of the xanthine compound (II) may be as follows. 

[0119] R 7 and R 8 each is preferably lower alkyl, more preferably (C,-C 4 )alkyl, and most preferably propyl. 
[0120] The preferred R 9 may include cyclo(C 3 -C 8 )alkyl which may have oxo; (C 7 -C 12 )tricycloalkyl; and groups of 
the formula: 




(wherein R 11 and R 12 each is cyclo(C 3 -C a )alkyl). 

[0121] The more preferred one may be cyclo(C 3 -C 6 )alkyl which may have oxo; groups of the formula: 
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15 



25 



30 



35 



(wherein m is as defined above); and groups of the formula: 



— CH: 



11 



20 (wherein R 11 and R 12 each is cyclop-Chalky!); 

and the most preferred one maybe cyclopentyl having oxo; groups of the formula: 




and groups of the formula: 



— CH; 



11 



11 



AO 



45 



50 



55 



(wherein R 11 and R 12 each is cyclopropyl). 

[01 22] Preferably, R 10 is hydrogen. 

[0123] Preferably, X 1 and X 2 each is an oxygen atom. 

[0124] Among the xanthine compound (II) described above, the particularly preferred compound lor the practice of 
the present invention may include the following ones. 

(1) 8-(Noradamantan-3-yl)-1 ,3-dipropylxanthine 

(2) 8-Cyclopentyl-1 ,3-dipropylxanthine 

[0125] The pharmaceutical composition suited for the practice of the present invention may be the bulk of adenos- 
ine A, antagonist or a salt thereof, or in the form of a solid, semisolid or liquid pharmaceutical preparation containing 
said antagonist or salt thereof as an active ingredient together with an organic or inorganic carrier or excipient suitable 
tor rectal administration, oral or parenteral (inclusive of subcutaneous, intravenous and intramuscular) administration, 
intratesticular administration, intraurethral administration, intradeterential administration, intrascrotal administration, 
administration into the female reproductive organ (e.g. intravaginal administration, intrauterine administration, etc.), 
administration to the ejaculated seminal fluid in various artificial insemination procedures, administration to sperm in the 
presence of ova in vitro fertilization, or inhalation. The active ingredient can be compounded with the conventional non- 
toxic, pharmaceutically acceptable carriers lor use in the preparation of tablets, pellets, troches, capsules, supposito- 
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ries, aerosols, powders for inhalation, solutions, emulsions, suspensions and any other form suitable tor use Where 
necessary, adjuvants (auxiliary agents), stabilizers, thickeners, coloring agents and perfumes can be used. The adeno- 
sine At antagonist or its salt can be contained in the pharmaceutical preparation at a sufficient level to produce an 
expected therapeutic effect according to the course or status of disease. 

[01 26] The pharmaceutical preparations for use in the practice of the present invention can be manufactured by the 
procedures established in the art. Where necessary, the techniques used in the art for enhancing the bioavailability of 
drugs can also be applied to the manufacture of the pharmaceutical preparations of the Invention. 
[0127] When a preparation of the invention is applied in an infertile man, it is preferably administered by the intra- 
venous (inclusive of addition to an infusion), intramuscular, oral, intralesticular, intraurethral, intradeferential or intras- 
crotal route, or into the female reproductive organ, or to ejaculated seminal fluids in various artificial insemination 
procedures or to sperm in the presence of ova in vitro fertilization, 

[0128] The therapeutically effective dose of the adenosine A, antagonist varies with the patient's age and other fac- 
tors, but for the tretament of male sterility, 0.01 -200 mg, as the adenosine A, antagonist, per kilogram body weight can 
be administered daily. . 
[0129] . The preparation may also be administered for the prophylaxis of male sterility. Furthermore it is also 
expected to find application in female infertility as well as in male sterility. In addition, its utilization as an invitro diag- 
nostic reagent for sperm function testing is also expected. 



Claims 



1. A therapeutic composition for male sterility which comprises an adenosine A, antagonist or a salt thereof as an 
active ingredient. 

2. A therapeutic composition of claim 1 , wherein the adenosine A, antagonist is a pyrazolopyridine compound of the 
following general formula or a salt thereof: 




[wherein R 1 is lower alkyl. aryl which may have one or more suitable substituent(s) or a heterocyclic group; 
R 2 is a group of the formula: 



R 5 



N-R 4 



(wherein R 4 is protected amino or hydroxy, and R 5 is hydrogen or lower alkyl); 



cyano; 

group of the formula: 



-A-R 6 

(wherein R b is acyl group, and A is lower aliphatic hydrocarbon group which may have one or more suitable 
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substituent(s)); 
amidated carboxyl; 

unsaturated heterocyclic group which may have one or more suitable substituent(s); 
amino; or 

protected amino; and 

R 3 is hydrogen, lower alkyl, lower alkoxy, or halogen]. 

A therapeutic composition of claim 2, wherein the adenosine A 1 antagonist Is a pyrazolopyridine compound of the 
formula: 



75 



20 




(wherein R 1 is aryl, 

R is acy1(lower)alkyl or hydroxy(lower)alkyl, and 
A is lower alkenyl). 

4. A therapeutic composition of claim 3, wherein the adenosine A t antagonist is a compound as defined in claim 3 in 
which R 1 is phenyl, and R is carboxy(lower)alkyL 

5. A therapeutic composition of claim 4, wherein the adenosine At antagonist is 1 -[3-(2-phenylpyrazolo[1 ,5-a]pyridin- 
3-yl)acryloyl]-2- (carboxymethyl)piperidine. 

6. A therapeutic composition of claim 2, wherein the adenosine A, antagonist is a pyrazolopyrrdine compound of the 
formula: 




so [wherein R., is aryl, and 

R 2 is dihydropyridazinyl having acyl(lower)alkyi and oxo; 

dlhydropyridaziny! having cyclo(lower)alkyl substituted by acyl(lower)alkyl or acyl(lower)aikylidene and oxo; or 
dihydropyridazinyl having cyclo(lower)alkenyl substituted by acyl{lower)alkyl or acyl(lower)alkylidene and oxo]. 

55 7. A therapeutic composition of claim 6, wherein the adenosine A-i antagonist is a compound as defined in claim 6 in 
which 

R 1 is phenyl and 



5 



w 3. 
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R 2 is a 3-oxo-2.3-dihydropyridazinyl having cartooxy(lower)alkyl or 3-oxo-2,3-dihydropyridazinyl having 
cyclo(!ower)alkenyl substituted by carboxy(lower)a!kyl. 

8. A therapeutic composition of claim 7, wherein the adenosine A, antagonist is 3-[2-(3-carboxypropyl)-3*oxo-2,3- 
dihydropynda2in-6-yt]-2-phenylpyra20lo[1,5-a]pyridine. 

9. A therapeutic composition of claim 7, wherein the adenosine A, antagonist is 3-{2-(2~carboxymethyl-1 -cyclohexe- 
nyO-3-oxo-2,3-dihydropyrida2in-6-yl)-2'phenylpyrazolo[1,5-aJpyridine. 

10. A therapeutic composition of claim 1, wherein the adenosine A n antagonist is a xanthine compound of the following 
formula (exclusive of caffeine and pentoxiphylline) or a salt thereof. 




[wherein R , R 8 and R 10 each independently^ hydrogen, lower aliphatic hydrocarbon group which may have 
one or more suitable substituent(s), higher alkyl which may have one or more suitable substituent(s), or 
ar(lower)alkyl which may have one or more suitable substituent{s). 

R 9 is hydrogen; alicyclic group, aryl, heterocyclic group, alicyclic(lower)alkyl, ar(lower)alkyl or heterocy- 
cfic(lower)alkyl. each of which may have one or more suitable subst'rtuent(s); or a group of the formula: 

- (A ) -CH< 



(wherein R 11 and R 12 each is alicyclic group which may have one or more suitable substituent(s) or aryl 
which may have one or more suitable substituent(s), 
A 1 is a lower alkylene, and 
nisOoM), and 

X 1 and X 2 each is an oxygen atom or a sulfur atom]. 

11. A therapeutic composition ol claim 10. wherein the adenosine A, antagonist is a compound as defined In claim 10 
in which 

R 7 and R 8 each is lower alkyl, 

R 9 is cyclo(C3-C 8 )alkyl which may have oxo; (C r C l2 )tricycloalkyl; or a group of the formula: 



90 
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5 




70 

(where R 11 and R 12 each is cyclo(C3-C a )alkyl) 

R 10 is hydrogen, and 

X 1 and X 2 each is an oxygen atom. 

75 

12. A therapeutic composition of claim 1, wherein the adenosine A t antagonist is a specific adenosine A 1 antagonist. 

13. A therapeutic composition of claim 1, wherein the adenosine A 1 antagonist is a substance having adenosine A 1 
antagonist activity with an ICgo value of not more than 100 u.M. 

20 

14. A therapeutic composition of claim 1, wherein the adenosine A, antagonist is a substance having adenosine A A 
antagonist activity with an \Csq value of not more than 50 jiM. 

15. A therapeutic composition of claim 1, wherein the adenosine A 1 antagonist is a substance having adenosine A^ 
25 antagonist activity with an IC^ value of not more than 1 0 jiM. 

16. A therapeutic composition of claim 1, wherein the adenosine A 1 antagonist is. a substance having adenosine A 1 
antagonist activity with an IC^ value of not more than 1 jiM. 

30 17. Use of an adenosine A t antagonist for the production of a therapeutic composition for male sterility. 

18. A method for therapy of male sterility which comprises administering an adenosine A % antagonist to a patient with 
male sterility. 

35 19. A promoter for an induction of sperm acrosomal reaction comprising an adenosine A 1 antagonist or a salt thereof 
as an active ingredient 

20. Use of an adenosine A 1 antagonist for the production of a promoter for an induction of sperm acrosomal reaction. 

40 



45 



SO 



55 
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